In Petrobrás SA refineries, there are thousands of heat exchangers in which cooling water is treated for recycling, often by outsourced companies. In all of these refineries there happens shutdown for corrective maintenance of the exchangers by problems related to corrosion caused by the cooling water, requiring about four days to repair a unit. The shutdown of a production line results in loss of revenue between U$ 200,000.00 and U$ 300,000.00 per day. To control the cooling water quality, it is used coupons for corrosion analysis. Tests are limited to visual inspection and by mass loss analysis. In this work, inhibitors such as sodium nitrite, sodium dichromate and benzoic acid are used to protect metals immersed in water in order to avoid the corrosion and consequently the shutdown of the exchanger for corrective maintenance.
Introduction
Corrosion is a process of material deterioration in which a transformation of a metal into metallic ion occurs by its chemical or electrochemical interaction with the medium that it is introduced, whether or not combined with mechanical strain [1] . Through corrosive process the material turns from metallic form, energically metastable, to the combined form (ionic form), energetically more stable. This deterioration is detrimental change incurred by undesirable materials such as wear, reduced size, fragility, properties loss or structural changes, making the material unsuitable for use. Therefore, corrosion is a way to destroy metal progressing across its surface.
Corrosion generally results in components failure when the material losses are such that the remainder cannot bear the applied loads or corrosion creates a component susceptible to failure of some other way (fatigue) [2] . It was carried out extensive studies about rates and types of corrosion observed in different materials so that selecting a suitable material in terms of corrosion resistance to a known medium is relatively possible. There are several types of corrosion; each one presents different structures problems.
The great use of steel can be attributed to the remarkable properties of this alloy, to the abundance of raw materials required for its production and its competitive price. Steel can be produced in a huge variety of features that can be well controlled in order to answer some specific use. The final product can be something like a surgical scalpel, a skyscraper, a bridge or an oil tanker, a nuclear reactor or a stove.
Steel is an alloy of relatively complex nature and its definition is not simple, since, strictly speaking, the commercial steels are not binary alloys. In fact, despite its major alloying elements are iron and carbon, they always contain other secondary elements present due to manufacturing processes. Under these conditions, steel can be defined as an Iron-Carbon alloy, usually containing 0.008% to about 2.11% carbon, and certain secondary elements (such as silicon, manganese, phosphorus and sulfur) present due to manufacturing processes [3] .
Carbon steel is an iron-carbon alloy usually containing 0.008% to 2.11% carbon, and certain trace elements resulting from manufacturing processes; steels low carbon, with [C]<0.3% are steels that have high ductility, good for welding and mechanical work (construction of bridges, buildings, ships, boilers and large parts in general). These steels are not hardenable [4] .
Materials and Methods
It was used a low carbon steel as a specimen. The samples were polished with emerypaper 80, 220, 400, 600 and 1200 mesh and degreased with acetone, then rinsed with distilled water, dried in an air stream, and finally weighed on a Sartorius analytical balance with a precision 0.1 mg. Thereafter, they were cleaned in ultrasonic bath for 15 minutes with distilled water [5, 6] .
The samples were weighed and hung by a nylon string, having at its end an identification number. As inhibitors it was used 0.5% benzoic acid, 0.5% sodium nitrite and 0.5% sodium dichromate.
By means of light microscopy it was possible to observe the appearance of corroded surfaces of coupons, where the most representative regions of surface of each coupon were obtained by an optical microscope with an 80x increase.
Results and Discussion
The specimens were immersed at a temperature of about 40°C for 3 months, using water as the medium. Figure 1 presents the samples micrographs before and after immersion in water, showing the corrosion evolution [7, 8] . The corrosion evolution is shown in Table 1 . The data show a slight increase in mass loss of samples over immersion time with forced aeration and using water as medium. After analyzing the data from the table above, it was then decided to immersion of specimens testing some corrosion inhibitors. For the system steel/water options of inhibitors according to literature were: 0.5% benzoic acid, sodium metaphosphate, polyphosphate, 0.5% sodium dichromate, 0.5% sodium nitrite, sodium silicate and 0.5% sodium benzoate. The specimens were immersed in the chosen inhibitors, that is, sodium nitrite, sodium dichromate and benzoic acid. Table 2 shows the immersion results of corrosion inhibitors without aeration and at room temperature. 4 samples were used for each medium. It is noted that even with a small mass loss for sodium nitrite and sodium dichromate, total Fe remains zero. The pH increased to sodium nitrite but decreased for both benzoic acid and sodium dichromate. 
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After the data obtained in the previous experiment, another measurement was carried out with the same specimens, using the same inhibitors and with the same concentrations, but under the following conditions: temperature of approximately 36 °C with forced aeration, simulating thus a medium more aggressive to the specimen, which would be closer to what happens in a heat exchanger.
Then all the specimens were ground again in sandpapers 200, 600, 1200 and 1500. Thereafter, they were photographed and weighed. The solutions were prepared as the previous time, using the same quantities of reagent and water, and the pH measured after each one. The pH values were similar to those obtained in the previous experiment solutions. Figures 3 (a), (b) and (c) show the samples surfaces and the corrosion state of the test specimens before and after the immersion period, having inhibitors as medium. Between the immersion and removal there is a space of about three months [9] [10] [11] . Table 3 shows results of specimen immersion in inhibiting sodium nitrite and sodium dichromate with forced aeration and about 36°C. 4 samples were used for each medium. It is observed that final weight is greater than the initial one for both sodium nitrite and sodium dichromate so total Fe is still zero. The pH increased to sodium dichromate but ranged up and down to sodium nitrite. Benzoic Acid Inhibitor, in these conditions, presented a totally different behavior, that is, accelerated the corrosion process rather than decrease it or prevent it. Thus, their data were collected separately every month as shown in Table 4 and Figure 4 . At the end of immersion pH increased in sodium nitrite and sodium dichromate solutions, there was a decrease in pH of benzoic acid solutions. In case of benzoic acid, there was a sharp drop in pH value between the first immersion and withdrawal, this value has been increasing every partial removal, with the final value higher than the initial one for specimens 3 and 4 and smaller than the initial for specimens 1 and 2. As for weight, there was an increase for specimens immersed in nitrite and dichromate, but there was a decrease for specimens immersed in benzoic acid. By means of atomic absorption, table 5, it was determined values of total Fe amount. Sodium dichromate, in such conditions, showed to be the most efficient as corrosion inhibitor on the studied samples, while benzoic acid, instead of corrosion inhibitor, acted like a corrosion accelerator. 
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Conclusions
In Table 1 it is showed a gradual corrosion process, this is evidenced by the total Fe amount placed in water, ranging from 1.24 to a maximum of 5.90 in the penultimate removal of specimen. In this experiment, all specimens were immersed together in the same medium, so that the Fe amount is so high. Table 2 shows two things: first, temperature is an important factor responsible for corrosion (since there is no high temperature, there is no apparent corrosion) and second, medium is likely acting as a good corrosion inhibitor. Table 3 shows efficiency of nitrite and dichromate as inhibitors because even at a temperature over 36°C there was virtually no corrosion. This seems not to be true when one observes images obtained after immersion, but even when the pictures seem to indicate the opposite, corrosion suffered by specimens was not enough that it could contaminate the medium. Table 4 shows that while dichromate and nitrite have an important role in corrosion resistance, benzoic acid, at a high temperature, acts in the opposite way, that is by increasing the corrosion process. This can be seen in both image (Fig. 4) and atomic absorption analysis ( Table 5) .
The original idea was to use sodium nitrite, sodium dichromate and benzoic acid as corrosion inhibitors. However, the benzoic acid medium acted as a corrosion accelerator, against all expectations.
